The JET Far-Infrared (FIR) polarimeter is a laser based instrument used for determining the poloidal magnetic field via the Faraday rotation angle measurements and more recently, for determining the line-integrated electron plasma density (LID) via the Cotton-Mouton ellipticity angle measurements. However, at high plasma current and plasma density the Cotton-Mouton effect combines nonlinearly with the Faraday effect, hampering an accurate determination. There have been several investigations in the last decade dedicated to the subject, but all were carried out for different plasma regimes and conditions. We take a different approach, where different approximations for estimating the line-integrated plasma density by polarimetry are analysed in a wide variety of conditions, representative of the JET operating domain, focusing in particular on pulses with high plasma current, high density and high magnetic field. This new set of data will be compared with the line-integrated measurements obtained by other means, such as interferometry and high resolution Thomson scattering. A complete sensitivity study of the various formulations for LID from polarimetry will be performed to analyse the potential of these formulations for complementing the interferometry measurements with the ultimate goal of providing fringe-jump free LID measurements on JET during future experimental campaigns.
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1.
Introduction The electron density is one of the main plasma parameters, crucial of any fusion devices such as the Tokamak and the Stellarator. The standard diagnostic for the electron line-integrated density (LID) measurement at JET is Far-Infrared (FIR) interferometer, method integrated in the real-time control systems and proved for many years. Despite the reliability of interferometry, there are cases when LID measurement is corrupted or even lost due various effects such as mechanical vibrations, refraction of FIR beams, or when the rate of change of the plasma density is faster than the interferometry sampling rate due to turbulent effects such as Edge Localised Modes, disruptions, impurity seeding or when pellets are injected into the plasma for example. The installation of JET's ITER-like metallic wall has caused new types of diagnostic issues, that heavily affect many diagnostic systems including interferometry. The loss of the FIR signal generates the so called fringe jumps in the measured LID , each leading to an uncertainty in the measured line-integrated density value of . In the case of JET, a backup measurement was proposed, based on LID evaluation using polarimetric the Cotton-Mouton effect (CM) [1] . This effect consists in the change of the electromagnetic beam ellipticity and takes place when the beam passes through birefringent medium with transverse magnetic field, like magnetized plasma. In the first approximation, assuming that the toroidal filed t B is the only one component of the magnetic field vector, the total change in the ellipticity angle  , characterizing the beam ellipticity (defined in literature as
) , is proportional to the line-integrated density e n of the plasma as follows: For the JET vertical lines of sight t B is nearly constant along the path and the line-integrated and the line-integrated plasma density could be very simply determined from the change in the value of the ellipticity angle alone:
Unfortunately the presence of the poloidal magnetic field, with components of the magnetic field perpendicular and parallel to the beam, leads to a more complex evolution of the beam polarization state. The small perpendicular component affected by the value of the ellipticity angle  , and vice versa. The evolution of the polarization state     , of the laser beam propagating through the magnetized plasma without dissipation, in cold plasma approximation can be described by the set of two differential equations [2] :
where the terms    accounts for the Faraday rotation effect [5] . From the equations (3) it is clear that equations (1) and (2) 
In order to estimate the LID value from the polarimetry several approximations have been proposed, consist in obtaining from polarimetry data     , such a quantity 1 W that is defined as follows:
Here we present the statistical analysis of five different models proposed in the literature, using measurements from various plasma scenarios representative of the JET operating domain focusing in particular on pulses with high plasma current, high density and high magnetic field. All analysed polarimetry data were obtained using new calibration method, introduced to JET polarimetry system in 2014 [see ref .3] . This set of data was compared with the line-integrated measurements obtained by interferometry that is considered the reference for LID. The final aim was to evaluate the potential of each formulation for complementing the interferometry measurements with the ultimate goal of providing fringe-jump free LID measurements used for density fuelling control and machine protection on JET during future experimental campaigns.
2.
Evaluation of the line-integrated density Line-integrated electron plasma density from polarimetry could be evaluated by five methods, described in details in references [4] [5] [6] . Three simplest methods assume that both the the Faraday and the Cotton-Mouton effects are small and the mutual coupling between  and  are only of the second-order effect. In these conditions the equation (2) is a good approximation of the rigorous solution of equations (3) W is equal to doubled final ellipticity angle:
Next two models comes from fact that the ellipticity of the beam could also be described by the phase shift angle  or Stokes vector component 3 s . These two quantities are related to the polarization angles  and  by formulas    
Two more sophisticated expressions for parameter 1 W has been proposed in [4] and written in slightly different form in [5] . These two models come from two opposite assumptions: A) In our statistical analysis we evaluated the LID from the five models described above as
LID , were interferometry LID is defined, for consistency, as int LID
Statistical analysis
The JET FIR diagnostic has 8 channels, 4 vertical and 4 laterals [5] . In the present work we focus on the data provided by the FIR diagnostic core channel (vertical channel 3) only as is the one used for machine protection and density feedback control. The statistical analysis was performed on high performance, 40 JET pulses obtained in July-August 2014, with maximum values: LID measured by interferometer - . The methodology for the analysis was as follows: for each shot we selected several hundred of temporal points and evenly distributed over pulse length, all adding to a total of 15000 measurement points for the selected database. Figure 1 shows an example of the comparison of the line-integrated density calculated from polarimetry data and equations (4) -(9) to the interferometric line-integrated density interferometry for pulse 87386. At low plasma densities all approximations give the same LID value. At high plasma densities the best agreement with LID measured by interferometry is for the model assuming constant relative strength of the Faraday and the Cotton-Mouton effects. For almost all analysed temporal points within 87386 shot the difference
is below one fringe. In this particular example, best agreement between LID from interferometry and polarimetry could be obtain within model "A". The statistical comparison between various polarimetry models for LID and interferometry are depicted in the Figure 2 . In all analysed models at high plasma densities there are cases when the maximum discrepancy with respect interferometry is over 3 fringes (about 5-10%). To minimize the difference between line-integrated density value from polarimetry and interferometry, additional model could be proposed for JET channel 3 based on the analysis of empirical data and introducing additional calibration factor such as described below: 
4.
Conclusions Approximation Since both the ellipticity and the Faraday rotation angle are available in real time, the approximation B1 LID , with an appropriate calibration factor, could be used as a better estimator for the line integrated electron density on JET machine in the view of use for fuelling control and machine protection. However this requires further analysis and development.
